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iPPOBLEM". Thc N-avol HLY icc~ 1 r <.ri--,in d 1) ev l opmnt Corm .)n Q w: ts
asked to fi it ia tL b i med icdI re'sea rch oirlmed towa~rk ii.pt ov inq thiL
submarine atmosphurv control programn. TIhe propose: d objective

-was to assemble a list of atmospheric contaminants according to .-
priority for (potential) toxicological effects.

FINDINGS. Expired breath saip1 w~C0ollct(ed from crewMt-.-burs in .
tric forward snace, torp -..c room, forwairc on(iinc 'Jc IMi~

nginc'erinq sp:2co of :i t z -t- tack subma rine_. Anailysis by
comput-r -,ISS i Ste, o14" hoaocph/s spectrorict ry
(GC/M S/COMP) prov io,:J (.-rro.dto~j rd-ms i nd ic0trigl s irni ar vo 1.. t i I

p organic compounds (VOC 's) between sompils. Lach chrom.itoq rom
containci an average oi 408 VOC 's. Corinu Ler analIys is
charc: cterized_ 192 Of tho VOC's Colli'ctced in the tornxJo roo:m..
The total concentration of VOC''s, > Al po)b, contained 348 ppb

of 11 - cyclic ;lkaInes. With the possible uxce.ption of
benizeiu, none of (AhC VCCS e ee(2ded theQ 90-day 1limits of

- exposure in nuclear submarines. In this tri.-l study, the method
-ofsamlecollection did not permit discrimination between VOC's

desorbed- from the body and .)ttmosphtric VOC's p~re.Sent in trwu
1* airways.

APPICATION. Th e GCM/OPtechniaiu- if- zJdeptabli for usc. in estimat i ng
the body burdc-n of 'vOC's at)oar'] submarines. Estimations of body
burdens will provide Lhe Navy with an addlitional guideline for

prioritizing gaseous contaminants and judging the quality of air
in submarine atmospheres. Sclfectivc' us - of tLL(_ GC/M'f/CUYP
tcu 1lniqU,_- May also prov(e ust _u] ~ ot Lv,] Ltt-flcj operc"ti onal
problemns, sucii is the mnini mum t ego i red frequc ncy ot sriorkel ing.C

r Administroiivcr Infor-nat ion

'this invostigation conducted unde'r r0seacrchI work Un it
I.MRQO0l OU1-5098. It wai submitted for r,%/icw on 12 0,ctmber

1 984 and aprproved for pub] icsu ion as M .:mor,,nciurn P(Dor t P4-4 oil
19 D(.cemnc'r 19834.



Th1 L IC C S: 0f t 11C;L uhiar i ni- i t mphr~ t('at rol1 proag r a ii s d o pe no -d

sQlely upon pc( r )d i iden t if 1 k-i t i oil ( : ent *ininsinft! in1 t h e sh ip -)
ot io sph er. Substainu- s, found t~o cxcooJ sofoguard concentr.-t ions are

-con t rol 1c' by r~st r ic t i n.1 the ir usa, abo.a rd sh i ;) or sc rubb ing then I rom
ttk -at('0)1'ri B1 LuT pra ti,: :3U to ignorc the human host.
A:.!VaneCmfl-hs r i i t -*'hnoImfoOj y n,0W enah i IjOh o-it,.t ic)Iscitefltists to idcnti fy
organ Ic fj~'s i.;01 nei' !y I-h(- hu.mmn hrly 6 cr i nc exposu rcs to ind us t r ii
oi~l\ i 1 fl- l t3 11 *.! t o~ I ( e potoren 1.1 nol iCa t io o ) 0f
C*t cIpuIt ter I s i ~t C *;. r onat (C rA pi y /mii S eC t r one tr y (CC/MS/C,'M1P ) to

*Url ME's teSmUlr t. I \.o I t 1. orqan Ic C 0 PO Un -s (V03 ' s) atb 9o rbe(-d b y
s sub ma r i ', c r w .;.-n 'rs. Exi r 1'I hr.,, t :, :;.-mples wcre- col ice tQed fr on-
w t cnst :mmb! i :t r.tioned in thlo f o r war, iSPIACeC, Lorpcylo room , forward-
cTh nm e spa,; imb nc k 'j I nE ar lugq :(ic. of :j Iast-ittaick SUbmnar iri:. Analysis
of tm1(' :32fl howcf- i remat kaiy comlx mixture of VOC 's with an
aver !g., of 4Lu6 c om o u nds pe r q. i n' "..vi t noiu t bfri zten , t he to talI

col'ent r .- on of oti: mrmiic vapors, 3 MY/-I wol ba o the max irum
*1 aI 10 .1:1bIu concent rotion c f t otal1 hyd1r oca rbons (70 ig/-r f o r 90

cotv nuouIS (Iays V! -)o a ro ;.'. F, r ifne.s. 13 (:fr.Z,-fIl1 ovur I oakited the sa imp I
----col Iec to r a nc t t r cf o r o ex ist te i n aj concentration > il0 ppb. Since all

C r C Ln1 c.'ehr s werm smokers, one p~ors ib h sourr: o f b, n z (ris- wo - r's idualI
a-J~m tC Iaor Ln t- u . '.+i r I e(en of th'r 17 hiyjnest concentrations r)

V':'' wc re my] (Ic C u k) kn es . Assn'i 1 rig tna t -most ofl the cixpi ra -i
%-i, r t dr 1 ri orm L;)' sulm-r me n li9m'- rs',ca compo sitio n o-)f t..

In.: U. -3 70 iro - on", COf r 1LIi tc: oa --,r)lIc x than i n reside'ntial
d C 1 1 1 r (1 ll iC, 0 C 5- r i-mit c -nrewi i: r s ab so rb atLmno s pher Ic V u C' s

dur in4 rni tr I l- rcsorb th.> c n im n,.mt t. nmc. I'u~r oksol
at te-n t o; ( .) c~su rt o :r.,)t i on oat VOC ' 5; f romn the. body aftcr patrol,

n, c v -ii I f. t ;.V( I., I; Ika-yaavrIoadlthes -MIDI . colcc io r

of tr~ic: ccs! :' iiii ntr; from thf bod y w I 1 1 1usdcato ai body burden of
o r f ,ni CSU sb S Rsc 7C > Estimations of body burdens can provide the Navy

tO(~'5i~& 2T3'/ SO prove- ua.-fmrl !fo .v,-.)uatin'j operational
I) r 1 L-.S 1, I -1 mi r1i 9 M~i r . L. r f fr, qru n cy o f s rio rk L' ig

r.
%%I



'III.-- body burdten of orgjanic subs Lance. Thcu amount of

orgjanic vapor ibsorbed by t fl body.

C h! mi 1heninma concentration of an organic substance? in the

GCC/-,)S/Cc:11 Cm'uc-s1atd gas chromatograpoy anda 1 saiss spoctronc-

t ii

1I maximali concentr ation Qf an oqncvapor in tfle

C,mj

U~~~~a bluspht tLPtLD IU.

(TL'.3LrI Qx. ur-icmator p

VP, Vo Yt potential for accumulatMin anogncsbtnei.h
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T1he Chief of Na--val O)perations (~ 0' SIW theO N'.dvsil Med ic a I Resuarcii

1,] lDeVeIjOpmnt Co.mi.iand to insta tuL.. rcsearch aimed towarJ improving tile

-atmosphore control progrwn aboarAi nu)Citar SUbmnarines. Th r c,

rt.soarci efforts wurt. sci fiod:

- 1,%.nLIfLy the cofltam-,i Janis in iucl ,ar submr ines, using
mutho~ology (jeVeloped by tiw Na:val Rese.arch Laboratory.

- List tho contarninaints by priority.

P P r form toxicolog y .studit:s in zin-al~s on high priority
conta:-irmnts.

ORZGA1NiC VAPORS IN NUCLEAR fSuiNARINL.;. It his bceen known for years

tnat a variety of hydrocairbons exist in submairine uttmiospheres, but

rfesults of previous assays may no longer resrcosent the quantity and4

qIuaiaty of atmiosphere.c contominants in ncw classes of subma-r ino-s.

Anil ysis of tin ce.noosi Lion of totalI .y~iroctir1)on' s is net simple and

stroicjhttiowara', ,3ince -ilor.: Lnan 12,000 organic contam-.inants may exist in

subma,.r ams, as a consequonc.Q of smoi mj (13) . 1h - atmospheres of the

N~avy's first nucl,*ar submarine., were composed of alipnaltic paraffins,

cycio-;roflins, ole-fins, ind aromnatic contamr-inants (table 1). Tile m.ajoir

sourc.: ot contaiminaints wais ci l-b.-;cd .Jit wlflch) were pet iod icily

J ,, I i ! to tip. i ii ooar. dI sot-facces uuriny ref ittLing of t h sh i PS.

Co0 SU CjI . I y, to0tal h y dr o c-ir b on concentrations wert- ni (Ahe r bef or(-
3

S~i~luri~l(; K -105 my/m ) than duri~itj the first 122 nours of submersion
'3

(-50)-90 mjn)(U. in aduiition to these sources, non-aromnatic
hyi rocarbons origjina ted froin humians (u(J rnthoi1) , oils, cooking products,

arh t n. c'(COmiro.; t ion of hlot oil (1

Thu -i oniat i hydroca rbons const i ~ucd coLILt 50'. of thu hydrocarbons

in I5 d-i-. and 2 -3O of Lhe tota-l hyircear!bon contnt i n 196(0-1963

1t Ji n ot taike long for jromit. ic hychi ocubLons t o accumulate in thle

a tros pour, r S icr.- tic, i r coniitcn t w-.is nc.a r I y t I it, 5>1 : wnc--thIc.-r slim pIi inc wa s

dun (d~ r) 1 y o r I a t(. in tno crLi!S( . XylI no an:d t r imt,-hy Iburn zene

c uns t i t ut. ccdi ap roax l i al y 50 '. of tn 11' n i X 1. Un o-0f A I oa-10t 1 c hydj roc ar ban 5

r ccov'j r,-d I ro., -iubmir in ( ai r Nd tU SO lr COS of ar O~I ),It i C hyd roca rbon s

were 1 -Intc L I Lu id's, coierits , ind] tobaico smloke. IA1;e y SOUrces ol.

31roatl n ydrocarbonis wer( Pl ant so] vefltS , ;miner-al sn is nd diesul



table 1. T t ,n ds in1 L v e I S F 0 ~ a C j i )i V po r s Ab1)oir d N u c i IL .- ,, Ir 11 'j

j Ref. Yr. Lite (s) Collector ASS.1y RtesulIts

10 1950- Ma in ACtivated Infrared and TH-C 5U-171mgrnr1958 air charcoal ma~ss spectro-
f il1ter s me tt r s

10 1959 Va r ied Activated Tl K: 4 7- 5 2 m
C hdr Coa I

16 1959 -- Chrornosoib ',With argon T2HC l1O-ldu) M.1" 1.1
I 11i jzd t iof

K detect. ion
F 1960 --- :: 100 mo/rn 3

Aromatics =2.98 ppm-
Ole6f ins and .3 a licyclics
< 12.25 mg/m

4 1961 -- Act i vated GC, wi th Till'. = 1.33 !-ig,/m,

. .. .charcoal f 1ursctrit A r QmLat c s. _ 5_gP

a bso r ption.

1 1970 --- ~ -3 -0 m Y ,115
Arorntics = 0. 85 ppm
Olef~ins arjd Olicyclics

1 11576 ---- =- -- ' 10

OlE~inis jnd al~icyclic-

12 1983 --- --- TI KC < 0 0 mg/rn

(The prc-va1 ilt usc, of oct] vat.':d charcoal os 1i coilucuingfl a(IL!it 1lc
to a 2-fold undeIecbti::i-tiorI of tho tota-,l hydrocarbons bL-cCuse
low. MOI~acul'ir weijht hy,'rocairbons pas~se' -tiit jh tii .- cirbon bed
(16).

PCfCercnc I InIcI~Lude thi: Lollowing compounds in the a ron a ti Cs i
olefin-al icyci ics:

AROMATICS. Beonzene , 101 ucri(., Xyleric., Lthylbonzone, 1Propylbte-nzCnc ,

Mesi tylono, Ethyl LOI UL'n.. , PFicudocurnurie, Cind indane.
OLEFN-AUYCLIS1. Ace-tylene., Ethylene , Propyl2ne , lutoinc,



I. I I'.n n t s 0 1 111 It -to.-,p:i. i *.v(P t irel :I ~ rtoyr 1 ill T I' d(iu.7Lit3 S Of 'IC

L, otu S (m% I5H Li crS C t hu I IVu] o t 0 I .. 1 I Crc J I:bcns t - d rop iby

10 rOLl r Of Mn Jni tud.. Po tfun t ia I I tox It, lihs ~U)tIflct& worc nrohihi ted aboo r

sri~ I. ni I LAI( ar.tct ice ut p,,1. i. i n(; .%,' P; :ihi r pI y curtta. 11 ,,J h-

eqii 5Tt- i o . .I: i nl t nmc. o f t p) t W I M'1 I irl..j :)I itnt w,, t- uptircnd,. A !n I

t:n i'l( in.r i nq ,.bI I It 1.: f or rcvI -t i I :lj t 'l '1 1r w ,r C irlprovc(3 (1)

o- t o r qaIn 1 c v I I)cr. r ': s cr Lubi hi I t o;-, tfrL subna r i no a tmosher

by lIoptLi cn inkl ct.-, Iyt i c ox i (IItIiln .c ~i'.,At -u cna r coal IIs C f f tCt Ivct-

1 11 :bin r -r:m iC iiy-roc,-.bons ph aiilt ic 1,1y; r oc a r h o n s

C n 10or i ll-ito hy -ir o(:,,r ho n f; (.cnp t ci-.lIo r oi I: ty n1 t T a nc f rcons

i ~ ~ u oc. :h n ; -turn tot.wI-I Li ca b n Ec me

ctlit fR}k -,ItI y z. s wA. ox iLi~it I on o f hy' r oc,,r bons w~i, n et(,10

(ik 1t. , 1 C, C 0. L. 1: .21, Ii i .1 uA r 11.~I . u ;)L y r ,,- o v .:i. L

~~i:~~.'C t. 0. I0 h Y. ~ ~ ].In~-~H r i(ct:oi i* . ~I .: t

7 i'l r1';* wi 11 IX ' JI ',o 1C . i, fl- . i n -I cu o r or

I. uC C. I, r, 21 1: I Is0., I:-c~ r ,I i t1 t :I:, 1. C it vr i C .irr

X. II-
)1 CIt :Ic~*. t.7 rr ' WA i-A (.; L ~ 1i .i 2'-. 1l . ; :I I .sti t.o C 1

r~' tC..L. I * r- c I 1., l) f i~o''c t' Ay i o(,,,rbor 1 v I s -w;i 1)p lt f irsFt

i t oc . r !,( l Corrir-1Lt : 1 4.J two r l. IrT op t r) 'I i nf . t z( wLOUgi

I.r o-I:,, on wcn iFo ic Pi (hi':~~u1*r ro-i onr. ~o2

1 A

C-'IIC,::ILI .1t. !orn; of r t:.uc conlr1i.ri in *. Z.(..2, of o ;oDm. I.C I0.ll

- orcit c1:.oD:; u1 niir~~ol~.l .'tt2 IIL !irCbc1



v ,n ;O51 flat ion (O P s izic -r l:,'.; * to' 0? c.;u to Lit. r.1 I, III 'I) UJX I~d ~ S

* OncC t 1t9 UDLon it~ wrli :-A? iniJ i' O iii I ;a t t arwi I ZILXTlI J 1

ph rhr a so in tn ot 1wri 1cac .3 1 sat La I oI in f i roI (' w )L

:I ,X ' L~'

* ccur s iboa rd subm..r i n'us. w erag, bit bi occuns I :t i on o f "s

c ! C tt.n I t. io o 1 ,f t.) _.Ioly I y r-.o I hio ,n- y n c IwIn i ms.,n ns vuSA .1 I

* i zi ~)Ot t ot L . ti bo Ic r p i uc- 15 o0 O t. ] ti

Various cI assos of ny'] roc'ait h on con t inn, intsr ho ve cC:O.lfOurir;: v wi i ebr, _-7

part ~ ~ ~ ~ ~ ~~~~~! Co~ ta 11'a c<n : w1* <) ': i. Sc .ox iC 1 190 i*t 5 1),y

t. 1 hd V . 'Xi IC I(gas i" V Pots

Ar itcf. ci fl!; 10p)Ui 'fox i0 r A;f 1 0 1 ,.11)

i*d 1 1 \ 0 -i 1( -,/ n'rl ~ m of l l Om 111 ,1 U sS:I G

I Carbons t i -I,*
In )ji r::i n t ofi ,'oon JinatlOn .1101 r i c . o r

ti *:Ic

* ~ n I o'loi t j]Io r (0iS

K c.rb0ons t f I yI rit< ir]12i~5

Pt uSSE~tt inv r I 0 n , icti- I Ia!, 2rhS1 a ' I 1 c t

pTl tos :ri t~ n~ vc ct ic; to n:n i CcS5;l, t :1. 1) V o c *IIt2 S O1 sclat 1)i~

quit11 rigiILV t11) ':'422 tx y t.n tit rn' toxticiy n oicttn o of I

4

IJ



L WUY Stub:;tnco is jiv jAwA by 1 LS M"% Ic.1n Ol I o.~ab1 c CO"Ct~rnrt ion, h

sum of tho (quotitis ifld jcat.K tox in wixturc wh~cn it cxcoeds a val uc of

I Us. of this: mct nod i n.1 d atd Winot t nu t ot-.i orgaonice vapors ex ccuUd

their toxic limits during the 1960Os, w:ith val ucs of 1-1. 12 for the sum

Of tN bQuOtintS. .y I&iG, tri( sun of t m* qUoticnz-S droppud to 0.0T2 ti).

l3IY B3UtMil!. Sn 1cy C)rg an ic vporl s mus t bu oibso rbod: by tivr human

body bcforu thfoy can wxcrt- a tuxic cf.iwct , it would be adventageous to

quantify the body burden of organic vapors from exposure to submarines.

Uhei absorpt ion ot organic vap~r)rs ourin11" soy-or joo patrol is analogous S

to inna in~j op .Ansthfitic gas prior to surqcijj. Inl eitlier situation,

dosurotion bu iflS when tiic body vcntkit o~ w~ith cl ean -;ir Tiherefore,

ti amiount of orgaonic substaonce alusorb..J by M ' body MB ) through t hv
S

Il(j ca:n bt: est lited by mucasur ing the quant i ty of substance expi ruu

(5 ) r inht after cessation of occupational exposure. S,. depends on the .

*V.

rat, of Vont-Iii ll, tissuero]u S KIII: "I "S"," MCSO i L and timp

IL. Cliarijo of .' witi tin i' "-pia;.,,; by a~ yidph~uic plot of CS'

1lay uriinatu) as a function of Aar: ti~ ;ttr oxponurc (abscissa)

'1IC o oIt , ca j ji .1 brit" L E -2y cc r v, , r~ln IJL LISPA to est imateC Lh'2

;flo3IIi uclt of dioaccumtilctiof by uo~plyX P&M o~t-tXp;osur C dcy of S to

If..p S CODl 1bC (70l i (u CILto ;bor !suL.ir i at. s , znth GC/MS/CCGiP

tLCHH 1(10 isy bc very usaful I or nwosur inj tijc. VOC 's in hlumaln exroirc

brC tK On! tI. submnur in' otmfosoflerr (14). * 'hk G//ComlP techn ique is

fr~.qucnt ly us, j to citaractur i- noi (Au nt J y conpl~x -iixturcs of VOW 's,

Sinc'e Ait Cdp.bl1' Of id'nt ifyinrj indiiviAui1 organic compnounts in
"Mouir.; w Ml.V as 1-lu nuI COW11,1). (2 is sufficivntly

a-rl-Iiiv, to measir- ny inv((buOs In '7um7rint-tations of plarts p r trill ion

( I 4F,



OElN ti~ arasurcmon'ft a wutt pvt forr'W aboard1 ,i fllXm1jf in lo ol0"J

at the New Lon~cn Submar inc B05L~ . ho or ic inil. p! an was~ to p: r formn

Simultaneous measurements of expired- and atmosporic hydrocarbons "s the

first st~p toward document i n org in ic contain nns be inq obsotbad by t iL

ssues of tWe Way (A~PPE.NDIX) . uddcin depl1oymen t of t ho submin c

caIncelled the study only liour5; i t r the in'iest Uat i\' toam .ssomloA in)

Croton. Sinct* the team could niot rentoin sscmb~cd indc f. iitk ly, it was

necessary to obta in nxpi rcd bruat h tsamplo OS nd~r tinion ito rai coni it ions.

PROTOCOL. .Four to f Ion baoys wet c ft lushad with u) t rapurc : ai r and

capped for transfer aboard ship. Thu Lx Lcut i vau Offi cor, USS Ga to, ia nJ c

a toflIon bay to ou~ch watastanJM i (tble 3) with instructions to "blow

up" tho. bay with cxhailed LVrosxtl, exp~ 1 the sampi a by roll ing the bag to

-The mouthpiece, the~n roinf late tne bag. The thir,.d inf lation wasL

prest rvoi by cappi ng the nouthpi cc. I*nv intl Jt)( boys' wet e hnndud to

tzic invastigat-or s who wo.re wu iting on tho pier adj acen t to the moorc'J

submairinc. T[he shin had bcon v n t iiat i nc with sur face air for at least

24 hours whi Le being occupilo~d by I/K of the crow.

t1l)1( 3: -ubect

z~~ubjcctj NavL,-ain

A m'i n i s MaeL

3. elect ronie' s tucnncian
C 2inOcuh i 11 1 St ' S mute'.
D 30 to r 0d:1nn

[All mnen wei>3ioku Ls I x(et)L for subj j A, al m en wnre,-
quul1i ii,- in Lubmir inc-s _.

in the ]uboratory, oconst iii flow pumpn ( 300 mi/mm) suct jonud ( aCT

brea*th sample tnr oug h A 'ienx GV { RI cart r ig e. Tik- Ufnax CC { RI

* cartr idgc was sealed in a culturni tube) and shippod to toe ansSocidt

investigator's ]aboLatory in Chie-ujo. TIwo olait jonul 'lEVI-x CC (RI

* cort-ritcjus Wer (' uci s h n;

MLJdUL~Ll~'IEII~t2L. PpitIorinanco of thu ossay racqui t c samp~le

col lectioti, nxtraction, and moliys is (2,6',13,14,07). DUrij Saiple

collection, volatilc orlanic soh.~t.nccn (VOC 's) were adsorbed by the



Tt flax (W, iF 2 .Ritcy]--P:nl~ ox ida' pl y:mr ) us tflc jias samnplo

floWki thnOUcJI tHC SOrbt 'S otarc

Ad~sorbed VOC's were cxrractcd from I cnax GC iF] by the thorm"l
usaiPLIOn t(chniqjUC. 'ImI 1tmax Q/ (R) cartril: was~ backf lushea wiLn

lit Iiu~ iu tuer to t ran:;frr the OuW 's i'a'o a nickel capillary trap. IN>

instanct s wnterk loirge volmts ol wotoi vapot iL0 cotllecteda, the samp1l ss

'.Lk' Smijectrai to a second transfL'r stu p r ior to GC/NS/COMP annalysis .

L i.ipcannilys is begin whe n thte condensate was i(pidly heouted for

vu')OtiZ~t ion into a carrier qas, l'l inn. ilk sample was injucted into a

high-i tao ut ion, fused-silIica cap iilary gas eriromatojraohy column, for

separation of tnt mixturk into compiTOi1t. VOC's (14). Lifluent from the

ias chromdtograpnoentered a mass spectrometer for characterization by

elect Von impact ioniizat ion. An comp)t cr pt int t ci a r>vconstructcd ion

c~inrama)tugrnI, -.,n1 1 was a ic t n qula 1)t o uf tn in t..n s L y o f ext ra c t c

ion cur rtnt (Y Ai s) aj 1ini the so on rumber/sumpi.' rsInt ion t ime (X

1).Xis) (2, 1l L,.o.f m.ss 5K~ct~ru i ;y.: nilyz, i by a 2Omp)Ute proqu~.am

which i ent 1. fii . VT 's by crobjabi I K y of tha 3r fit to SPc trn 1

cnar Act~r tnt ru of in ext nsivc list of stand~t . compounds.

Al 1 samol -spr OV Tio 1 ruconstiuct ad ion CnrorL og rams Which wore

r roar kwly s iilar bet-ween subj cMS. 1h 'IteLal nunbc r of yOC's obsurve!

an tL. sealw w>svas; wxe 't lanai by large; namely 'Rib (samplL A'), 492

(saialP 0) , 45t (sa~v)1t C) , a-nd 4Th (su.'nla D, shawn in figures 1,2).

[IV. comp~ounds; in smplw D) wpit c iuar,acwr izol by comnp'tt r onalysis if

IL1i0t1 U carlNO it i OFik aXC aUJ(C 150,00 c({(ountls per ('Omponufl (tolo 4).V

ail ci IM Ii-attilL)A 102 VoT' m5wiin a toti Mal n7t-n~ttit-iofl of A 061 Ippb

(:o. . :7/2",Wm tmiout- hozourL) . v rein. n par .OaAI to ovcr loud tono CC
CU uni in C Lacinwl SOMC wizict; (".) ir w~ls oI Ibruo~ pc'k at spcctrun

scan niinLb1  t 5 in~ -aco _ripl', an) kn.) tnr covictntot iun of bv*nzcErie

>ia2aajO pp;' In samp!. 1D. T1ihc-rli .. , t i9.: tat I eoimeetrotion of

L'Y c I I 7- 1k. nts 4 j? ppa) consrti tu t U < 4W . o f - lI yOC 'n (i I cl

3). -IaUL 1' VOW 'n pL'.n. tt in hii-st uConcnnit flt.JOIs cc lauctiva' y Cec.AnO:(

404 .l~ u). [liltt.Law 40f& .,'U&I it hy'.tCWitDiio Ih (-iz corbion

-a
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TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEAO4.DAT]

Spec Relative

No. MW Formula Identification Peak Area (x10 4 )

0- 2 -46 -C2H6O - . Ethanol

221 58 C3H60 Acetone 44

234 68 C3 "4N2  Pyrazole 3

236 60 C3H8 O 2 propanol 7

239 72 C5Hj2  n pentane 20

247 68 C5 H8  2 methyl butadiene 254

257 96 C2H2C12  Vinylidene chloride 3

266 70 CH 1 0  Methyl butene 9

268 84 CH2C12  Methylene chloride 17

270 68 C5H8  Pent adiene 8

; ....279 .86 C2C 13F3  Trifuorotrichloroethane 55

285 66 CsH 6  Cycl opent ad i ene 7

323 7 0 C4116 0 3 buty'lol 12

347 86 C6H 14  lethyl pentane 28

361 72 L4 8 ) Butanal 12

371 72 C',H 80 Methyl ethyl ketone 27 .

375 88 CSH 1 2 0 Methyl butanol 1H

388 8 4 C6 H1 2  1 hexene 24

40? 8? C5H60 2 methyl furan 10

411 86 6 I 114 Hexane 148
I.'

419 166 C2 IC13F2  Trichlorodifluoroethane 2
421 82 C 0H60 Methyl furan in

426 84 C6 H12  C6 dikene isomer 13

470 84 C6 12 Methyl cyclopentane 3()

483 0 C H 0 Hexad i ene 42

490 132_ C2 !13C1 3 Tri chl oroet hane 129

496 79 CSH!lA Pyridine 4

5o6 82 C 6 10  Methyl ppntadiene 3

525 71 CfH6 en zene > s0

535 I11 CC14 Carbon tetrachloride 3

541-2 Supersatu rated--uni dent i fied

1(0

.......... - r P ,i r ........... . . . . . ,. . . .



TABLE 4. VOLATILE ORGANIC COMPONENTrS IDENTIFIED [N BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMIPLE FILE SUEAO4.DATJ (continued)

Spec Relative
No. MW Formula 1denti f ication Peak Area (X104)

562 100 CH62 Mlethyl hexane 41

581 100) C7H,6  C7 Alkane 58

596 98 CH4Dimethyl cyclopentane 13

606 130 C2HCl3  Trichioroethylene 2

620 88 C5H120 2 pentanol 11

625 96 C6H80 Dimnethyl furan 4

6 132 100 C71i1 6  n heptane 131

633 90 C4H10S Thiapentane 8
646 74 C3H602  Propionic acid 7

-=62 I--26 C9H 18  -Isobutyl cyclopentane
656 94 C6H60 Phenol 8

6b9 93U (;7 914  Ieptene 1

677 98 C7, 11 Cycloalkane 88

680 11(1 Cbfl -Uty I sojbutyi kttour 15
700[ 98 C7HJ4 2 n-hexadecylindane 22

717 112 C8H1 6  Tnimethyl cyclopentane 8

747 92 C7H8 Toliuene 1e6n 0

76 4 C7Hio Dimethyl cylpnadee6

72 114 C;8Hj 8  3 Methyl heptane 80

790 112 C0I16 Dimethyl cyclohexanp 61

79 4 11?201 Octene 16
810 112 C8H16  Tnimethyl cyclopentane 18
816 )112 C016 riethyl ethyl cyclopentane 24

828 11? C8i116  lliinethyl cyclohexane 21
831 114 C8 118  n octane 195
836 i66 C( 4Tetrachloroethylene 31
841 112 C0H16 Biviethyl cyclohexane 14

876 128 C01 60 Octanonre 12
88J7 128 C0H20  Di methyl hepLane 43
6894 112 L8111 Wim-nthyl hexene 61 -



TABLE . VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEAO4.DAT] (continued)

Spec Relative a.
No. MW Formula Identification Peak Area (x04)

899 123 C9 H2 0  Tetramethyl pentane 41

904 126 C9H1 8  Tetramethyl cyclopentane 37

910 126 C9 H1 8  Trimethyl cyclohexane 10

913 126 C9H1 8  Methyl ethyl cyclohexane 9

924 106 CsHjo Ethyl bEnzene 38

929 126 C9H18  Trimethyl cyclohexane 37

935 128 C9H2 0  Dimethyl heptane 58 |.

939 106 C8H10  Xyl ene 109

947 128 C91120  Dimethyl heptane 58

112 CaH 1 6  C8 alkane isomer 12

955 128 C8 H1i 6 0 Octanone 7

9b9 12) C 9 112 0  Methyl octane 109 .
969 104 COH 8  Stryene 11

971 112 C 8H 1 6  Methyl heptene 159
132 C6H1 203  2 ethoxy ethyl acetate

976 126 C9 H1 8  Trimethyl cyclohexane 5

978 106 C8HI0  Xy I ene 13q

989 6 C9 H1 8  Methyl ethyl cyclohexane 43

998 124 G9H16 Bi cycl ononane 4

1004 128 C9112o Trimethyl hexane 185

1013 140 C91H1160 Non enon E 7

1016 124 C8 111 2 0 Ethynyl cyclohexanol 3

1022 126 CH18 Trirrethyl hexent? 48

1031 120 C0h1 2  Curoene 17

1035 142 C1 0 1{2 2  C1O Alkane isomrer 50

10472 124 C91ilG rethyl bicyclooctane 3(0

1047 142 C1022 Dimuthyl octane 38

1053 124 CqH 16  Bi cycl ononanu 8

1057 1n- C0l18 Propyl cyclohexane 141

1061 14? CI 0H12 2  Dinlethyl octane 359

1065 136 C1 0f116  Carene 2

(2,



TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEAO4.DAT. (continued)

Spec Relative
. -No. MW Formula Identification Peak Area (xl0)

1070 142 C10 H2 2  Methyl nonane 10

1074 140 C10H20  Propyl heptene 99

1076 138 C10H1 8  Menthene 4

1077 120 C8H80 Phenyl acetaldehyde 27

1W5 124 C9 H16  Spirononane 2

1088 120 C9111 2  Isopropyl benzene 95

1093 142 CloH 22  CIO Alkane isomer 56

1095 140 CloH 20  Tetramethyl cyclohexane 6

1099 120 C9H 1 2  _ __ Trimethyl benzene 1-169

1101 142 CIoH22 CIO Alkane isomer 72

1105 Alkane isomer (tent C1 0) 206

1115 142 ClOH 2 2  Methyl nonane 64

1116 12U C9H12  Methyl ethyl benzene 67
156 CIIH 2 4  C1 , alkane isomer

1124 140 CloH 20  Methyl isopropyl cyclohexane 12

1126 154 C 1 1H2 4  C11 Alkane isormer 19

1133 118 C91o Methyl styrene 5

1138 120 C9H12  Trimethyl benzene 81

1139 140 C10H20  Methyl isopropyl cyclohexane 40

1144 140 C10H20  Butyl cyclohexane 27

1156 142 C10 22  n decone 480

1157 142 CIoH 22  n decane 74
146 C6 H4C12  Dichloroherizene

1165 140 CloH 20  Ethyl octene 53

1175 156 C1 1 Y12 4  C11 Alkane isomer 27
1179 156 C I10 2 4  Methyl decane 61

.130 120 W112 Ethyl toluene 56
156 C1 1l124 C11  Alkanr: isomer

1183 14) C9 H1 0 Cyclooctane aldehyde 3

1186 15b C1 1}24 DimiotLhyl noriane 20

1181 156 C10I12 00 Vinyl 2 ethylhexyl ether 208

1196 1b6 CI11 f24 Methyl decane 51



TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEAO4.0AT] (continued)

Spec Relative
No. MW Formula Identification Peak Area (x104)

1202 140 CloH20 Cyclodecane isomer 7

1203 152 C1 0H16 0 Camphor 3

1208 Alkane isomer 76

1210 140 CloH 20  Butylcyclohexane 51

1220 120 C9H1 2  Alkyl henzene isomer 82
156 ClIH24 C 1 1 Alkane isomer

1227 138 C9 H140 Trimethyl cyclohexenone (tent) 19

1229 134 CloH14 Dimethyl ethyl benzene 13 Fl
1238 156 C11 H24  Dimethyl nonane 14q
1243 156 C1 1H24 ... J4ethyl decane 63

1244 134 CloH1 4  Propyl toluene 7

125(0 13(? C 0oH18  Bi cycl odecan_2 10

1256 lb, ClIH24 C1 , Alkane isomer .110

1259 134 CloH 14  C4 Alkyl benzene 8

1267 134 CIoH 14  Ethyl xylene 12

1273 Alkane isomer 71

1281 168 C 1 1N2 00 Dibutyl allene oxide (tent) 16

1282 154 CI I 2 2  Butyl cycloheptane 24

1294 156 CIIH2  C 1 1 Alkane isomer 360 L

1303 154 CIoHI 80 CI0 ketone 23

1318 134 C 1 01f1 4 Tetramethyl henzene 13

1319 1;0 CI 2 H2 G C12 Alkane isomer 84

1327 Alkane isomer 37

1329 Alkane isomer 39

1333 Alkane isomer (tpnt CI1 ) 168

1334 142 C1 0 2 2  Dimethyl octane 51

1337 122 C7 H6 02  Benzoic acid 51

1341 Alkane isomer 12

1345 132 CIO 12  Methyl dihydroindene 3
1350 154 C90 1 4 02  Cyclohexyl acrylate 35 I:
1353 Alkane isomer (tent CIO) 2d

1354 166 C1i12 4 Cyclodecane isomer 9

1-4



TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEAO4.DAT] (continued)

R
Spec Relative
Io. MW Formula Identification Peak Area (x104)

1358 132 CIOH 12  Ethyl styrene 7

1362 134 C 1 01114 Tetramethyl benzene 5

1367 Alkane isomer (tent C11) 122

1372 Cycloalkane isomer (tent C12) 40

1374 132 CloH 12  Tetrahydronaphthalene 4

1378 170 C1 2H2 6  Dodecane isomer 101 .

1387 170 C12H26  C12 Alkane isomer 34

1391 Alkane isomer 34

.1402 C10H8e , Naphthalefie 9
1407 138 C 0oH18  Cyclopentylcyclopentane 10

1409 146 C1 H1 4 Dimethyl irlan 6

1411 Alkane isomer 15

1421 170 C121I26 Dodecane isomer, 12q

1440 184 (13H28 Tridecane isomer 93

1450 Alkane isomer 13

1479 Cycloalkane isomer 17

148 170 C12H26  Alkane isomer 15

149b 147 CloH 1 3N rithyl tetrahydroisoquinoline 1

1498 Alkane isomer 21

1b03 146 CIIH 14  Methyl tetrahydronaphthalene 2

It)0 1b2 (12H18  Dimethyl isohutyl benzene I

1511 193 C1 H3 0  C 14 Alkane isomer 58

1525 140 CIIH 14 Dimethyl indan 0.5

1T39 1'4 C13H28  Tridecane isomer 68

1557 142 C11H10  Methyl naphthalene 4

1561 Alkane isomer 15

1563 160 C1 2 H16  Isopropyl methyl styr-ene 2

1612 Alkane isomer 11

1628 154 C 12 110  Phmnyl henzene 2
1631 ) Alkane i Sorier 2 8

1652 168 C1 3 H1 2  Methyl phenyl 0.5

1.S



TABLE . VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEAO4.DAT] (continued)

Spec Relative
No. MW Formula Identification Peak Area (x104 )

1653 198 C1 H30  Tetradecane isomer 62

1670 156 C12H12  Dimethyl naphthalene 2

1688 156 C12H12 Dimethyl naphthalene 2

1694 156 C12H12  Dimethyl naphthalene 2

1738 Alkane isomer 21

1786 Alkane isomer 20

w
I.

1. ("



T..i b 1 5: Compar ison wi th CI"oncvn~r~t ions of VOC 's in Tight iwuildinys,
(pPb)

- ~~ VOC -~UZGato

Build ingj

Fo rma L ehyd c ----- 5-40

Tol uene 16 10-30

0,rnp-Xylene 25 1U-20

Ethylbenzene 4 5-15

Hexane 1s 10-25

1,I,1-Trichloroethane 13 50-150

I.12, -Pel(rchl oroteLhy] r-' 40-80

c -C Alkanes 348 10-K(0
7 11

[Data~ from tigjht buildin(is were? obtainc!d from reference 3. Bold
typc' identi fies compcund!z pt-scrit in both tun~Vi-LrOI)--,CLS j



T1able 6: Pcak '2onccuntrations of VOC 's in thc- U:',: G~tLO .Ind ttnc 7r~cc4

:3lUtLlE- C.abin (ppb).

USS Gato rjjt huttle Ca~bin '

Bonzeno > 60

n Do-cne 5 Lthane 4,420-1135,54o

C Alkane isomer 36 Toluene 11-7 ,490

Dinietnyl octane 36 1,1,2-Trichloro- 9-1,330
1,2, 2-trifluoro-
e th o ne

LAlkane isont.r 2 v 1,thIa na 1 60-1,20
2-Motbyl butaciienc' 25 IBromotrifluro- 380-1, 190

Dodoca.ne isomeor 23 Etlianol 51-'AO0

Dimethyl hexanu 20 __iuteno 683

C 10 Alkane isomer 2 1 2-Methyl-2-propanol 2-430

*Vinyl-2-ethylhexyl 21 2-Mt.thy] pentan,: 410 ~1
cthcr

[. n OctanL' 2 u f Ict h Dn ol 8-360

'Jriimetnyi rwx'Ine 3 Z) -Froparionti-3i

Triinvthy1 bcnzvnc I n Ilexane 11-210

Toluene 16 1,3 - 1)1me ty be-n- 1-200

r1 tylhet~: 6C 8 Aliphatic hydro- 140
carbonz-

hry I fflf2 1.C 0 Al iphatic hydro- 27V0

K- 6arbons
L- Hexane ---

(Co Ilum-n To t) ( 10) 4 6 - 1 W,.

;I. jD t I for T-I I $ AC L :i 'I U ' b U i nf v, r. iptc fro ri. r *r' nc, %1
1301-1 Lyrp)i iu-rit.i tI CO-i-Ofl'1, Or-sent in both Lnvltonmcrts.)



T ; L CLo5s,- in atcti -,it 1 VOC)' [r(Viul IOUSI Yif i -6 .b ooaL
SubM~rins

t h1a 110 1 2
1L hy I ben c n e 4

in, o-Ftiny toliuc.11c 6
I so-Dron ben zunc 10
Tl ucnu~. 1

fIcI o r o t hyfr1n 0. 2
VinIyl ident, chloride, 0. 3

o-XyI l ' , 14
toLdi hYcrOc-Drbons

t','lumn 1. lists thE2 compounds from Fdbjjc 3-2, r efor oncc~ 7, icnrross-.-1jtc-hf-c wi th VOC'Is I ist(-d- in table 3. Column 2. lists theconcentr.-Lion3  !1t ,dsurez: aboard U 5)S Gato in ppb.]
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atomls ncfr M01lCuL1 (331J ppb); 3 viere -onocyclic, aromnatic 'iydrocarbons (>

113'' onb) ; and I was an etner (2 L ppb)

Ten compounds (solvents jnd paints) could be cross-mantched witi

substances oreviously quantified in submarinu atmospheres. flone of Lhesu

excok G.ed concentra Lionls of .14 ppb (table ). VEry fewv compouivis

crossinatched-i with organic vapots identif ied in the- sp,)cu FhutLeI, cabin

(table 6). The space cabin containLJ concentrat-ions of contzminainLS at

least I order of magnitude higher than in the moored subaiar int.. The

total concentration of C. C-1 alkanes in the subnmarine, 346 ppb, was

l owe r than thQ tot.)al conc(.ntration of C" -C aliphatic nyurocarbons in the.
8 9

space cabin (tables 5,6). The space cabin contaminants were lower 1 n

moltecular weight than the- submarino contaminants.

One of the collector blanks (figure 1) was Lexposed to intornal

standards (perfluorobenzene, 3 t~pb, and pzerfluorotoluen-, 3 ppb). NoticeL-

that tine chrornatogram of, the collector blank was mnuch less compl_-x thcin

that of tnL_ i-xpi red bre-atn samples. Thc noa'k-s of tlit. intern,.- st ndards

61i3 not exce.:ed $'h),0GCO counts, while, the background counts zalmost always

fLell Oclow ZOl,OUO counts. TIhe biickground counts iLv& r t-xcecIe 60,Ou() aS

the socctrum scan number va ried from 'i to 1,60U.

DI SCUSSI ON

AIR QUALITY. 'I he sdrnF.lrcs of c.xpire-3 breath cont-oined V02 's der 1ied

from cndogcenous :ierabol ites, tobacco -smoke,, and aernosph-r ic conitaminants.

Althoughn the, inve.stiga-tors idnot witness the. eellIcctions ot extpired

brc'ath, it is rea!,sonaible to prcsume that the subjcts avoided smoking

while performing the manceuvu rs of sample collection. If some subjc-ctr5

smoked at the time, of samnlu colle-ction, thney coul I not have provided

samnles with comparable rec;onstructLed ion chrornatograrls. In comparing

thu uppe.r and lowcr pcine.ls of f ijurv 2, the :3moker -pj ti cnt provided~ J

samnpi of VOC 's whiiun asmucn lvs5 compltix than Iprov ideA.- -.y tht.

smoker-crowmember. ILyon i f the' '.idil and lowor ponel - of f i ur, 2 'trL_

s up I im )o sed , then --y w ou hId coul tct jv l y contain lower concuntrLationls of

fewr VO0C ' s th aniii n L ne r. wm e; ib)Er s u xo L)ied - b r c thI

Tho ruuonstrue tedc ion chromd tog r.Ams wore- rev i wed by Dr. jeff Wyat

2')



of the Naval Research Laboratory, who olhserved a resemblance to
GC-chromo t.og rams from submar i nt j tmosphe.rcs con ta 1n in hl igh

conccnitrations ot C 0 hyd;rocarbons . The consul tatit exre-ssedJ concfern

that apparctit overloading of the GC column by benzene may indicate Lin

uniusuol sourCe- Of b(21Z~llt inl the submar inQc. Subseauen L com-,puter analysis

showod benzenu to b.-- at a concentrcltion exceeding 80 ppb, which may hv

bteen presunt in the lung( as a residual product of cigarette smoking.

Latur discussions with the Electric Boat Comany's atmospherc-control

renqineters sucjqeste.] that high concentrations of C1 hiyerocarbons were

IkeN-,ly to evolve from machinery lubrica)ntS.

Crossmatching data from the USS Cato withi provious analyses of

sub-m-.rine atmosphteres showed the presence of fue-ls, sol~itznt;, and paints

it) vury low concentrations (table ). None of tho VOC' s exceeded ther
-- JO-da" l imits of exposure in nuclear submarines (7). Nor did the total

3Concc'nt.r;,Lion of VOC 's (ca. 3-.iy/lm ) %XCUEed thL- 9U-dy I imi1t for t.)
3hyd roc .r bons (1/0 mg/ni)mrc qua)ntities of monothonolamiincs W:ould be

Lxpc2ct-oc c-uring paitrol ;7,- a by-product. of scrubbing carbon CAIiox ide. -1n

port, Uhtdw f LW- Co scrubber would explaiin thu appar(ent absencu of

rnonor tlinol amincs I roln tLm1 submar ine otmosphere.

Shile sampleS Of indoor oir typically contain 100-150 organic

copuath,: sampl,,s from U8'Ij Gaito contained, a mnore, co--nplex mnixture:

wi tti nig!ee.r ConeenlrrationS Ofl substan1ces. A comparison of the

su~bmrine 11-S ajtm-ospherce with that: in "tiqlt building3s" (taible 5) indicari,,

a1 7-.tol~ great r coilceontrution of C. -C32 a-lkaines in tnE- submirinv. 'Inc.

,;n c,,t r ) r o f V'C ;'-s i n 'thef :, moo r c Lui).D r inci - was re!m a r ka bly d if f er ent f r o.

tnTht ill Che s ~shuttle cabin (1i)1 Fewc-r orgainic contaminaints (n

15Z) .r. A-ntjIC.- inl the s;huttle- ca-bin thun in tne s;ubrmarine (n

U').Lnti I ther(e otfe meLasuremei(nt!; of tota l hydrocarbons, we con only

spcuIateth-t tIk (,uan ti Ey of VOC 's in the ;cooc; submAr inc, is' hi ghEar

t~h in in t ignt buildiings aind lower.- than in space ven Iicics.

Pi Jo Ilog icA eI (f fc ts, naive not- beon obserived f rom .:x posurc to 31 ipta tic,

ain-. al icy(--1 ic lyir oca rbons in concerit r aLi ens belowe 500 Ieprn. Aldtehydcus

ajre strong irritants of the skin, airways, inJ skin. 'Ihe( tnrusliold for

it L lt,tiOnl May 5C as low as 0.01 ppm. Aromt ic hiydrocarbons jrc- known t-o

be hi 'I o'j iciil ly act ivce in conce-ntr it. ions jlhov, 25 r)m aind tht-rc i.s



conc-.rn fL possible.. mut a g nic: of fects (9. Our measurments in:iicutedc

that the concentrationis of VOC's aboard USS Gajt- were below thre~shold

levels for biological effects.

CRITIQUE OF TE ASSA~Y. A distinct advantage of the C/MSCOLI assa y

-over CC assays is its capability to rapidly quantify a large number of

VOC's mixed in low concentrations (ppb). The technical advantages of

Tonax C.- [R), high affinity for organic molecules and porosity for water

vapor, allow [or concentra~tion of the VOC's into a sample suitoble -'or

analysis (17,2). FurthE-rmo-e, VO-C's are stable on Tonax GC {R) for 4

wt~s when protectted- from light in sealed containers at 4 0 (14).

Limitations of gas chroinatoqraphy/mass spoctrometry and sampling

procteduros pre-clude the CC/M.S/COMP assay from detecting all classes of

VOC's in 1 sample. Inoryganic compounds are not meosured because of the

characteristics of the sorbent material and the GC column. Pollutant

oxidants (ozone, 2-5 ppm NO x and >25 ppb molecular halogens) may reajct

with VO)C'.s3 (5,14,17). Ihighly pola-r VOC's, such as organic acids, may

escctpt colle-cticn by passing through the sorbent polymer (17). Highly.

volatile organics, such as inethano and freon, may also escape collection

%nCn carriorc through- 'ienax 02 1R) in large volumes of polluted gas. This5

volume-related 2 as.s cf. injl ytc, ci ll*d "breakthrough", is 'I proceduraLl

problum rWut.- i to szimpi ing stl:,!t.-gy (5,14) . abhe absnce- of metnane,

I r ons, an(';n-rola*lnjsm 'Qt".ir low nolOcuillar we-igjhtsbtn~ from

theL qgaS saamplc I;) this -itudy .:t:Ly I)( explained b-y "brLe kthrough".

Fur t-~rmrorc , coirpoundki we r(. -xci u-lud from ide(n ti ificit ion because t likeir

sp-c tt &l J)d-............ 0 ,UCounts (fig urcs 1,2i1). Li~i i Lation of tne:

s-'~.i '2/.~. c ell eju 'cr o UL120'LS V MOdi lying t hf E-IMpi ]IB(j stratie(jy

(.r using os1"n ~ry sSi y tectin iq gI S * ont_ us'-'ful 'adjuric t. wou. Id b-

ccii. irr.-n i. riau-~ iLof tot-j1rn' rcrbn content.

FUTvURE~ APIPLlcATIUN. . Recocjni tion must b(- given to tine, poissibi lit-y

Of raulcharog- in sp:"Ctruin of atmospincr ic VuC 's with imoditicition of

the unginoor inq p1 ,Ir1LS lbOard submoar inc-s In the. future * this Can'I hk-St-

b'-.-,irie by; (~.)crossfnztcl 1l(J curtrent data with a cormplete

dota-hase . of Voc 'f pr *2'viou.9y m-.IsUrod in .5ulbirincs, ano (b.)

.onIJUCLinr~j !nc-r jiiC iS5;ay.' of the- (-xi)i rod broeati in CrLwinOMIbe-r-

'Int srensa ti viiy of' the c/M/K will pr'I- it C:St imationl of the body
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b urd un by M Cads u rc:i L'ft of VOC 'Sin t-he cxpi red< brocwIth. This informat ion

will be useful in UVd~lu1,t1nq the-- 9O-d-Jy lirits of exposure to atmospheric:

hydrocarb~ons. of additional interest is the possible application of

6C/MS/COM*P to ev.oluating thc o-f Lects of snorkeling on the submarine

at:1os~h(t:( in cr-wiumbrs.It s iporantto know whother snorkllinej

pollutes or purifios thr submarine atmosphere.
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A PL L ND I X

PROTOCOL FOR TRIAL IMEAS3UREMLNTS3 OF ATjMUSPiiERIC 1IYD,)CARBONS ABOARD USS

-~BILLFISH, 5 APRIL 1984.

2000 i3oard ship at moor.

2015 Set up for particulate samples, ambient air samples, and

duplicate samples.

2030 Becgin o-hr particulate samples at sites A-D.

A engine roo.-

B torpedo room

--- ~ -=,C control, or crew' s berthing

D galley, or crew's mess

2100 'Thirty-minute coliections of ambient air samples at sites A-C.

(desire shut down of the ventilation in or-der to

improvt-* chances for identifying contaminants

originating from the ship's intetior.)

'tirty-minute collections of duplicate samples at sites A and

2300 ';et up the expired breath samples apparatus at sites A and D.

0100 Collect expired breath from 2 crewmembers on site near site- D.

Collect- ambie nt air samples at site D.

0200 IDismantlo the expired breath samples cipparatus.

0500 Durincj cooking of breakfast, collect ambient air samples and

'Jupi iczatu sa-mples at site D.

060~U Stop p~irticulaitu samples at sites- A-D.

(-)6 L)L art ;nr.

----- -- . ... .
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Assuming that most of the expired VOC's were derived from the submarine, the
hydrocarbon composition of the atmosphere was more concentrated and complex
than in residential dwellings, This indicates that crewmembers absorb atmospheric
VOC's during patrol and desorb the contaminants at home. Future work should
attempt to: (a) measure desorption of VOC's from the bod after patrol, and
(b) evaluate the VOC's likely to overload the sample collect r during 20-liter

collections of ihe submarine atmospiere, The desorption ot trace contaminants
from the body will indicate a body burden of organic substaIces. > Estimations
of body burdens can provide the Navy with an additional guioieline for
prioritizing gaseous contaminants and judging the Tuality of ir in submarine
atmospheres. < Selective use of the GC/MS/COMP techniquP may also prove
useful for evaluating operational problems, such as the mini mum recouired
frenuency of snorkeling. /
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